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Timing Distribution for HL-LHC

* Timing, Trigger and Control based on high-speed serial links
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Timing Distribution for HL-LHC

* Fast phase variations (<o(1ms)) are filtered by last back-end PLL of the chain
* Slow phase variations due to environmental changes impact phase of recovered clock
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* How can we locally monitor and potentially compensate for slow phase variations?
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Timing Compensated Link - Principle

* Timing compensated optical links are not a brand new thing [1][2]...

Master Clock
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* Principle:
 bidirectional synchronous link
e Roundtrip phase measurement (ART) and partial compensation (ex. AD = 0.5 = ART)
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Timing Compensated Link — Building blocks

* Fully-integrated in FPGA

Master Clock

@ TCLink Downlink
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Phase-detector: Digital dual mixer time difference (DDMTD) used in White-Rabbit [2][3]
Phase Shifter: Xilinx FPGA transceiver Tx phase shifter (Tx phase interpolator) [4] using HPTD IP [5]
Controller: custom digital core using All-Digital PLL techniques [6][7]

Design-flow: high-level model (Matlab) = digital design and verification = hardware tests
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Timing Compensated Link — Control diagram

* Brief overview on controller diagram
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Experimental Results: Fiber Temperature Variation

* Fiber temperature variation test setup
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Experimental Results: Fiber Temperature Variation

HPTC

* Hardware test setup Clock generator
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Experimental Results: Fiber Temperature Variation

TCLink under fiber temperature variation
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Experimental Results: Fiber Temperature Variation

* Smooth operation
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Fiber Temperature Variation

Experimental Results

noise basics
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domain analysis

* Frequency-

* Integral gives an rms jitter value
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* Measurements performed with
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Fiber Temperature Variation

Experimental Results
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* TCLink penalty on phase-noise?

* No major impact on clock quality
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Experimental Results: Loop dynamics test

* Loop dynamics test
* Modulating voltage with a small sinusoidal ripple - up-converted to phase-noise
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Experimental Results: Loop dynamics test

* Principle
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Loop dynamics test
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e |t has to be much slower than
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controller parameters
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* |t shall make sense w.r.t.
e Jitter increase

* Flexibility on user-choice of
choice

* Good agreement between
e Be careful with bandwidth
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Conclusion

e The TCLink proof-of-concept is really promising

Tracks smoothly slow phase drift with a sub-ps resolution (accuracy depends on roundtrip hypothesis)

No external hardware required and very little FPGA logic

Independent compensation for multiple links in a single FPGA

Can be implemented on any P2P serial link
 FPGA to FPGA, FPGA to IpGBT
* Protocol agnostic
e Compatible with TTC-PON fine phase monitoring feature for cascaded systems

At the cost of...

e Less than 1ps rms additive jitter
e Xilinx based
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Next Steps

* More studies to come:
* Impact of FPGA utilization and temperature on TCLink performance

* Full-chain implementation (cascaded system) and characterization under realistic experiment
conditions

e Example design and application note to distribute to interested users (Gitlab)

* Coming soon:

* A more detailed presentation on this topics during upcoming HPTD interest group meeting
(24/09/2019)

* For more info, subscribe for our high precision timing distribution interest group

HPTD-interest-group@cern.ch
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Timing Compensated Link — Control diagram

* Controller diagram (ex. a = 1) rCLink
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Timing Compensated Link — Control diagram

Downlink

[ . . . . Master D+ AD Slave "
* Modified controller diagram for partial compensation
. " Tx Rx >
* Internal mirror of the control plant ART { AD = o ART
e Example for a=0.5 ] R Tx
) U+AU -
) Uplink i
TCLink
Phase Detector Controller . Phase Shifter
Loop Oversampling Lo
control Scaler Sigma — delta :“:
- I i S Va s
P o+ L(Z) ¥ 5oz I 5 A DCO(2) o+, .
1 v Digitally Controlled | |
<4 Oscillator )
: DCO(z) Nz) Is\fooliiie
Digitally Controlled
Oscillator mirror | ,l,

* For other values of a, scale mirror path has to be scaled
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HPTC Clock Generator

e Connor Winfield SC-cut OCXO + Silicon Labs PLL
* Report on prototypel (eval. boards): report prototypel HPTC

* Prototype2 will be soon manufactured

Y
prototypel

prototype2
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Timing Compensated Link — [pGBT temperature
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e Tests performed during timing-week with CMS colleagues in open-loop
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Timing Compensated Link — [pGBT temperature

e Tests performed during timing-week with CMS colleagues in open-loop
e |[pGBT XCVR mode feeding IpGBT TX mode phase vs. temperature

Embedded link - Phase vs. Front-end temperature
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